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We have investigated the spatial pattern of epithelial cell cycling in a mutant strain of Hydra magnipapillata (sf-1). 
This strain has temperature sensitive interstitial stem cells and thus polyps containing only cpithelial cells can be 
obtained by growth at the restrictive temperature. Epithelial animals were pulse labeled with the thymidine analog 
5’-bromo-2’-deoxyuridine (Brdu) and stained with anti-Brdu antibody to visualize S phase cells. Our results indicate that 
Brdu-labeled cells are broadly and fairly evenly distributed along the body column. Feeding stimulates a rapid decrease 
and then an increase in labeled cells in gastric tissue; labeled cells in the head are not affected. Starvation leads to a 
twofold decrease in labeled cells in the gastric region; the density of labeled cells in head tissue remains similar to that in 
well-fed animals. During bud formation the number of labeled epithelial cells increases significantly in the evaginating 
bud. During head regeneration the number of labeled cells declines sharply during the first 12 hr and then increases to a 
density typical of head tissue by 24-36 hr of regeneration. The results indicate the release of signals by feeding and 
regeneration which inhibit mitosis. By contrast head tissue and developing buds express signals stimulating mitosis. 
Thus changes in epithelial cell cycling in hydra are closely correlated with morphogenetic events as well as with feeding 
StimUli. 0 1991 Academic Press. Inc. 
INTRODUCTION 
In many organisms cell proliferation plays an impor- 
tant role in morphogenesis (Summerbell et al., 19’73; 
French, 1984; Bryant and Simpson, 1984; Wolpert and 
Stein, 1984). By contrast morphogenesis in hydra has 
been generally assumed to occur without major changes 
in cell proliferation (Gierer, 1977; Graf and Gierer, 1980; 
Bode and Bode, 1984). For example, it has been shown 
that cell epithelia can evaginate while showing no dif- 
ferences in cell proliferation compared to nonevaginat- 
ing tissue (Campbell, 1967a; Clarkson and Wolpert, 
1967) and that evagination can proceed even in the ab- 
sence of cell proliferation (Diehl and Burnett, 1965; 
Webster and Hamilton, 1972). In the older literature, 
however, there are reports that cell mitoses are more 
numerous in the subhypostomal region, which was 
taken as evidence for a “growth zone” (Burnett, 1966). 
We have reinvestigated epithelial cell proliferation in 
hydra using a new technique for visualizing S phase 
cells labeled with Brdu in whole mounts (Plickert and 
Kroiher, 1988). Brdu (5’-bromo-2’-deoxyuridine) is a thy- 
midine analog which is incorporated into DNA during S 
phase and which can be visualized with a specific mono- 
clonal antibody (Anti-Brdu) (Gratzner, 1982; Dolbeare 
et ab, 1983). Since the hydra cell cycle lacks Gl (after 
1 To whom correspondence should be addressed. 
a Current address: Department of Developmental Genetics, Na- 
tional Institute of Genetics, YATA 1, 111 Mishima, Shizuoka 411, Ja- 
pan. 
mitosis the daughter cells directly enter S phase; David 
and Campbell, 1972; Campbell and David, 1974), the pat- 
tern of Brdu-labeled cells reflects the pattern of mitoses 
integrated over the length of an S phase (i.e., 12 hr; Da- 
vid and Campbell, 1972). 
Our results indicate that the distribution of S phase 
cells in epithelial hydra is not uniform along the animal. 
They also indicate that feeding, head regeneration, and 
bud formation can all lead to rapid and significant 
changes in cycling behavior. The results suggest the ex- 
istence of endogenous signals, which are released by 
feeding and by morphogenetic events and which either 
stimulate or inhibit epithelial cell cycling. 
MATERIALS AND METHODS 
Strains and culture conditions. A mutant strain of Hy- 
dra magnipapillata, sf-1 (self feeder 1) was used in this 
study (Sugiyama and Fujisawa, 1977). This strain has 
temperature sensitive interstitial cells: animals cul- 
tured at 18°C contain normal levels of interstitial cells, 
animals cultured at 25°C lose their interstitial cells 
within 24-48 hr (Marcum et al, 1980). Large budless ani- 
mals were used for all experiments except experiments 
involving bud formation. Experimental animals were 
fed daily with freshly hatched brine shrimp nauplii and 
cultured in M solution (Sugiyama and Fujisawa, 1977) at 
18°C. All experiments were carried out in a constant 
temperature room at 18 + 0.5”C. 
DeJinition of body regions. Head refers to hypostome, 
tentacle base, and subhypostomal region (distal i of 
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